Reverse-Water-Gas-Shift reaction (RWGSR) was carried out over the ZnO, Al 2 O 3 , and ZnO/Al 2 O 3 catalysts at the temperature range from 400 to 700 o C. The ZnO showed good specific reaction activity but this catalyst was deactivated. All the catalysts except the ZnO/Al 2 
Introduction
The conversion of CO 2 into chemical resources has been attempted by several methods to mitigate the greenhouse effects. [1] [2] [3] [4] Especially, the catalytic hydrogenation of CO 2 to form methanol is one of the efficient processes being able to treat a large quantity of CO 2 and the produced methanol can be consumed in the conventional chemical industry. We have reported CAMERE (Carbon Dioxide Hydrogenation to Form Methanol via a Reverse-Water-Gas-Shift Reaction) process to convert CO 2 into methanol, which consists of a reverse-water-gas-shift reaction (RWGSR) and a methanol synthesis reaction. 5 In this report, carbon dioxide and hydrogen were converted to CO and H 2 O by RWGSR and then, the mixture gas of CO/CO 2 /H 2 was fed into the methanol synthesis reactor after removing the water. Methanol yield become high if the conversion of CO 2 to CO in the RWGSR is high because the CO can react with water on the methanol synthesis catalyst, chemically removing the water on the catalyst and forwardly driving methanol synthesis reaction. Therefore, the development of an active and stable catalyst for the RWGSR was important for the CAMERE process.
The water-gas-shift reaction has been intensively studied for the last several decades for H2 production from synthesis gas. On the contrary, a reverse-water-gas-shift reaction has attracted little attention because of little demand. The Fe2O3/ Cr2O3 catalyst is a well-known commercial catalyst for the water-gas-shift reaction. 6 The commercial catalyst, Fe2O3/ Cr2O3, was a logical candidate for the RWGSR of the CAMERE process. But, the Fe2O3/Cr2O3 catalyst was easily reduced into the iron metal under high reaction temperature for the RWGSR, 7 clogging the reactor with carbon formation on the metal.
In this paper, we reported the activities of the ZnO, Al2O3, and ZnO/Al 2 O 3 (Zn : Al = 1 : 2) catalysts examined for the RWGSR. The ZnO showed the highest specific activity but the catalyst was easily deactivated. It was found that ZnAl 2 O 4 phase only showed good stability at the high reaction temperature for the RWGSR.
Experimental Section
ZnO, Al 2 O 3 , and ZnO/Al 2 O 3 (Zn : Al = 1 : 2) catalysts were prepared by a co-precipitation of the corresponding metal nitrates(Zn(NO 3 ) 2 , Al(NO 3 ) 3 ; Kanto Chemical Co., Inc.) at pH 7. 8 The catalysts were calcined at 500 or 850 o C for 3 hr, which were described in the form of catalysts (500 or 850 o C). The activities of the catalysts were studied for the RWGSR at the temperature range of 400-700 o C with GHSV (mL/g cat .h) of 15,000. The stability of the ZnO and ZnO/ Al 2 O 3 catalysts (850 o C) was evaluated under the severe reaction conditions of 600 and 700 o C and GHSV of 150,000. The catalyst charged in a tubular reactor was heated up to the reaction temperature in the presence of CO2 and H2 before the RWGSR. The RWGSR was carried out at atmosphere pressure with the H2/CO2 ratio of 3 in the reactant gas. The exit gas was monitored with a gas chromatograph (Shimadzu 8A instrument with a TCD, Porapak Q column 1/8'' o.d., 3 m long in program temperature mode for analysis of CO, CO2, H2, CH4 and H2O).
The BET surface areas of the catalysts were measured by ASAP 2000 (Micromeritics). The bulk structure of the ZnO, Al2O3, and ZnO/Al2O3 catalysts was examined using a XRD and an electron microscopy. The X-ray powder 
Results and Discussion
The activities of the ZnO, Al 2 O 3 , and ZnO/Al 2 O 3 catalysts were tested for the reverse-water-gas-shift reaction (RWGSR). The CAMERE process consists of a reverse-water-gasshift reaction (RWGSR) and a methanol synthesis reaction. 5 The conversion of CO2 into CO in the reverse-water-gasshift reactor should be increased as high as possible. Then, the feed gas with high CO concentration from the reverse water-gas-shift reactor into the methanol synthesis reactor could result in the high methanol yield. The conventional active oxide catalysts for the RWGSR were mostly reduced at the high temperature above 400 o C and then, deactivated. 7 Therefore, the stable catalysts even with a little bit lower activity should be important for the RWGSR in the CAMERE process. Although the ZnO catalyst showed good specific activities for the RWGSR, the ZnO (500 or 850 o C) 
